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ABSTRACT 

A research program i s  i n  progress a t  t h i s  Laboratory  f o r  
t he  de terminat ion  o f  var ious  thermophysical p r o p e r t i e s  o f  t he  
a1 ka l  i metals, sodium and potassium, a t  e leva ted  temperatures. 
The s t a t u s  of each proper ty  t e s t  i s  discussed, and p r e l i m i n a r y  
data a r e  presented concerning the  equi 1 i b r i  um s o l  ub i  1 i t y  o f  
columbium i n  l i q u i d  sodium i n  the  temperature range 1 4 7 9  t o  
251 8 O F .  
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I '  
HIGH TEMPERATURE PROPERTIES OF SODIUM AND POTASSIUM 

The complete program f o r  f i s c a l  1963 has been o u t l i n e d  
i n  Reference 1 .  Some p r e  iminary data have been r e p o r t e d  
(Ref. 1) on t h e  s o l u b i l i t y  i n  l i q u i d  sodium o f  the  columbium 
c o n s t i t u e n t  o f  t he  Cb-lXZr a l l o y  t o  2 5 O O O F .  I n  a d d i t i o n ,  
p r e l  im inary  va lues f o r  t he  dens i ty  o f  Sodium t o  2 5 O O O F  
(Ref. 2 )  and potassium (Ref. 1 )  t o  220OoF have been repor ted.  

E igh th  Progress Report  
For P e r i o d  1 Ju l y  t o  30 September 1962 

INTRODUCTION 

I n  the  scope and development o f  h i g h l y  e f f i c i e n t  and 
compact e l e c t r i c a l  genera t ing  systems, t h e  Nat ional  Aero- 
n a u t i c s  and Space A d m i n i s t r a t i o n  i s  sponsor ing a p roper t y  
measurement program f o r  the eva lua t i on  o f  severa l  l i q u i d  
meta ls  as p o s s i b l e  working f l u i d s ,  As an i n t e g r a l  p a r t  of 
t n i s  program, t h e  u. S. Navai Research Labora tory  i s  engaged 
i n  the  measurement o f  several  thermophysical p r o p e r t i e s  o f  
sodium t o  2500°F and potassium t o  210OOF. 

EXPERIMENTAL PROGRAM 

INDIVIDUAL PROPERTY TESTS 

Equi 1 i br  i um Sol ub i  1 i t i  es o f  Col umbi um and ii rcon i  um' i n 
L i q u i d  Sodium 

A radiochemical  method (Ref. 3 )  i s ' b e i n g  used t o  de- 
termine the  e q u i l i b r i u m  s o l u b i l i t i e s  o f  t he  Cb-lZZr a l l o y  
i n  l i q u i d  sodium t o  25OOOF.  The a n a l y t i c a l  scheme, i n  
essence, employs the i n a c t i v e  c a r r i e r  technique f o r  a 
sol Ute measurement o f  t he  c o n s t i t u e n t  elements o f  t he  
a l l o y .  The e q u i l i b r a t e d  sodium samples a r e  chemica l l y  p roc-  
essed i n t o  aqueous s o l u t i o n s  and the columbium and z i rcon ium 
a re  c o p r e c i p i t a t e d  w i t h  Fe c a r r i e r  as hydrous oxides. A f t e r  
i g n i t i o n  o f  p r e c i p i t a t e  t o  the  oxide, t h e  samples,with stand- 
a r d  comparators, a r e  i r r a d i a t e d  i n  the. NRL Swimming Pool 
Reactor. A r a d i o m e t r i c  comparison o f  the c h a r a c t e r i s t i c  
r a d i a t i o n  induced in the  samples and t h e  standards prov ides  a 
measure o f  the s o l u b i l i t i e s  o f  the c o n s t i t u e n t  elements i n  
1 i qui d sodi  um. 
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Previous ly  repor ted  data (Ref. 1) on t h e  s o l u b i l i t y  o f  
columbium i n  sodium showed a h i g h  degree of incons is tency .  
I n  an attempt t o  reso lve  t h i s  and a l s o  t o  e s t a b l i s h  t h e  
s o l u b i l i t y  e q u i l i b r a t i o n  r a t e ,  a s e r i e s  o f  four  experiments 
have been completed i n  which the  sodium me l t s  were h e l d  a t  
temperature f o r  a p e r i o d  o f  8 hours i n  the  range o f  1479" t o  
241 8°F. The r e s u l t s  a re  presented i n  Table 1 .  

TABLE 1 

EQUILIBRIUM SOLUBILITIES OF COLUMBIUM I N  SODIUM 
(Equi 1 i b r a t i o n  Time, 8 Hours) 

I I Tem7:;Tture Sol ub i  1 i t y  o f  Cb 
( PPm) 

1479 
1846 
21 85 
251 8 

17.9 
7.4 

35.0 
243.0 

I n  the  temperature r a n  e f rom 1479" t o  2518°F t h e  data 
f o r  the l o g  concen t ra t i on  of  columbium versus the  r e c i p r o c a l  
o f  the  abso lu te  temperature (F ig .  l ) ,  except f o r  one e x p e r i -  
mental po in t ,  can be represented by a s t r a i g h t  l i n e .  From 
an experimental v iewpo in t ,  no obvious exp lana t ion  f o r  t h e  h igh  
s o l u b i l i t y  i n  t h e  experiment a t  1479OF i s  ev ident .  The 
equi 1 i b r a t i o n  vessel due t o  i t s  m a l l e a b i l i t y  a f t e r  t he  thermal 
t reatment,  i s  opened w i t h  ease u s i n g  p ipe  c u t t e r s ,  b u t  i t  i s  
p o s s i b l e  i n  t h e  process o f  opening the sample compartment 
(Ref. 3 )  t h a t  a small p a r t i c l e  o f  t h e  columbium a l l o y  was de- 
p o s i t e d  i n  the  sodium and c a r r i e d  through t h e  a n a l y t i c a l  
scheme. I t  may be p o s s i h l e  t o  determine the  o r i g i n  O F  t he  
h i g h  columbium concen t ra t i on  f o r  t h i s  p a r t i c u l a r  experiment 
by an ana lys is  of t h e  fou r  Fe scavenged samples f o r  z i rcon ium 
content  and then comparing t h e  columbium t o  z i rcon ium r a t i o  
f o r  these samples w i t h  t h a t  o f  t he  o r i g i n a l  a1 l o y  m a t e r i a l .  
A columbium t o  z i rcon ium r a t i o  comparable t o  t h a t  o f  the  
o r i g i n a l  con ta iner  m a t e r i a l  f o r  t h e  1479" experiment versus 
a d i f f e r e n t  r a t i o  f o r  t h e  o ther  t h r e e  samples would suppor t  
t he  columbium values f rom t h e  h ighe r  temperature experiments, 
and an e x t r a g o l a t i o n  o f  t h e  apparent s o l u b i l i t y  curve (F ig .  1 )  
back t o  1479 F would then i n d i c a t e  a s o l u b i l i t y  va lue  o f  l ess  
than 1 ppm, which i s  below the  s e n s i t i v i t y  o f  the  a n a l y t i c a l  
method being used. 
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F i g .  1 - Log concentration of 
columbium v s  the reciprocal  
of the a b s o l u t e  tempera ture  
(1479 to 2518 ) 
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The Fe c a r r i e r  samples f rom the  f o u r  s o l u b i l i t y  exper i -  
ments are b e i n g  read ied  f o r  r e - i r r a d i a t i o n  i n  the  r e a c t o r  f o r  
z i rconium determinat ions,  and s o l u b i l i t i e s  of t h i s  c o n s t i t u e n t  
element w i  1 1  be subsequent1 y repor ted.  Fu r the r  so l  ubi  1 i t y  
t e s t i n g  w i l l  be de fe r red  pending a complet ion o f  the  z i rcon ium 
analyses and i n t e r p r e t a t i o n  o f  t he  r e s u l t s .  

Pressure-Volume-Temperature 

Problems, assoc ia ted  w i t h  t h e  i n c l u s i o n  o f  i n e r t  gas 
i n  the chamber du r ing  weld ing opera t ions  and w i t h  t h e  re -  
p r o d u c i b i l i t y  o f  diaphragm movement, a re  be ing  solved. 
Successful nul  1 - p o i n t  experiments w i t h  sodium t o  2500°F 
have been made i n  which the re  was no measurable gas i n -  
c lus ion ,  and w i t h  diaphragm movements rep roduc ib le  t o  w i t h i n  
- +0.2 lb./sq. i n .  Since a number o f  experiments a r e  r e q u i r e d  
t o  evaluate and compute meaningful P-V-T resu l  ts ,  d e t a i  1 ed 
r e p o r t i n g  of t h i s  work w i l l  be delayed u n t i l  a d d i t i o n a l  ex- 
periments have been performed. 

S p e c i f i c  Heat 

Heat  content  measurements o f  sodium a r e  i n  progress,  and 
resu l  t s  should be a v a i l a b l e  f o r  the nex t  r e p o r t .  

Dens i ty  

Add i t i ona l  pycnometers have been r e  ared, and f u r t h e r  
measurements a t  lower temperatures on gotR sodium and potas-  
sium w i l l  be made. 

Surface Tension 

The maximum bubble pressure apparatus f o r t h e  sur face 
tens ion  de terminat ions  of l i q u i d  potassium (Ref. 1 )  has been 
designed, and the  machining work i s  be ing  performed. These 
measurements w i l l  r e q u i r e  m o d i f i c a t i o n s  t o  one o f  t h e  e x i s t i n g  
furnace systems and w i l l  be performed as p e r m i t t e d  by the  
P - V - T  t e s t s .  
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